ABSTRACT. Resilience assessment can be used to determine major issues, stakeholders, vulnerabilities, and opportunities of a socialecological system to enhance resilience. The answer to the first question describes the history, main issues, and stakeholders of the focal system. The answers to the remaining two questions describe potential resilience threats and assets, respectively. The assessment results include (1) identified resilience threats and assets of Caledon as a social-ecological system in the context of urban growth; (2) a cross-scalar study of Caledon in its ecological, social, and economic domains; (3) interviews with 26 community members on the topics of urban growth and resilience; and (4) recommendations for Caledon to enhance its resilience in face of urban growth pressures. The results reveal the significance of continual learning, engaged citizenship, and cross-scalar collaboration between governmental bodies. The assessment results also highlight some particular features that would enhance the resilience of Caledon, such as nurturing the health of agroecosystems, developing trade-off rules for conflict resolution, and treating low-impact urban development as an opportunity. This research provides a case study of resilience assessment of a community that undergoes a rural-urban divide. Emerging themes of resilience are identified. Research limitations and suggestions are presented at the end of this paper.
INTRODUCTION

Geography, significant ecosystems, and local economy
The Town of Caledon is the most northerly of the three municipalities in the Region of Peel in southern Ontario (Fig. 1) . In size, it is larger than the other two municipalities-the City of Brampton and the City of Mississauga-combined (Region of Peel 2013). It covers over 700 km 2 and is located northwest of the City of Toronto (Town of Caledon 2008a). Its population is 59,460 (Town of Caledon 2013). Caledon contains both the Oak Ridges Moraine and the Niagara Escarpment (Fig. 2) , as well as the Credit, Humber, and Nottawasaga watersheds (Credit Valley Conservation (CVC) 2007, Town of Caledon 2008a). Caledon also constitutes over 84.9% of the forest cover in the Region of Peel (North-South Environmental Inc. et al. 2009: 35) . Moraine is one of the most significant landforms in southern Ontario ( Fig. 1 ) and is the headwaters for over 65 river systems, acting as a recharge zone for aquifers, wetlands, and watersheds (Foster 2005 , Diamond et al. 2002 , Sparling et al. 2008 . It is an interregional landform with highly significant biotic and cultural complexity, and extensive functions (surface drainage, groundwater, and terrestrial and aquatic ecology) (Igor 2002) .
Although Caledon has the most active farmlands in Peel, a decreasing proportion of Caledon residents are engaged in agricultural activities; there is an increase in the local population who are urban workers or retirees (Chambers and Sandberg 2007, Baxter et al. 1999) . Major economic activities in Caledon are industrial, commercial, and service based (Ross 1999 , Town of Caledon 2009a .The three main sectors, which constitute 38% of local employment, are manufacturing, retail, warehousing, and transportation (Greenwood et al. 2010:5) . More than half (50.4%) of the local population commute to work outside of Caledon (Greenwood et al. 2010:15) . Regional governments are the middle level of government, sometimes also referred to as the "upper-tier" municipality, which is similar to a county. The regional governments are directed by official plans, which are long-term policy frameworks for decision making in areas such as urban planning, resource management, and social services (Region of Peel 2010b). Regional official plans are periodically reviewed to ensure conformity with provincial legislation and policies (Region of Peel 2014). The Regional Municipality of Peel Act (1973) created the regional municipality and three constituent municipalities: Caledon, Brampton, and Mississauga (Town of Caledon 2008a:4). Municipalities are the local governments that determine the strategic policy directions and details within the local context in conformity with the regional plans (Town of Caledon 2008a). The municipality of Caledon is responsible for land-use decisions through development approval and zoning that comply with the provincial legislation (Diamond et al. 2002 , MMAH 2005 . When there are disputes over planning and development, an independent tribunal called the Ontario Municipal Board (OMB) will hear applications and appeals to settle disputes.
Ontario's Planning Act (1990) details the provincial interest and municipal regulatory powers in land use (Hanna et al. 2007) . Key concepts in the provincial interest statement include ecological functions and natural connections (Diamond et al. 2002) MOEI 2010) . The first growth plan is carried out in the Greater Golden Horseshoe area. The objective is to build "complete communities" that offer "transportation choices, accommodate people of all stages of life and have the right mix of housing...and easy access to stores and services" through intensification (MPIR 2006:13) . The intensification target for Caledon is 50 people/jobs per hectare in the greenfield areas (Region of Peel 2010a).
Challenges associated with urban growth in Caledon
A major challenge for the Town of Caledon is to achieve its intensification target while meeting the needs of farming, aggregate extraction, and conservation. Caledon is facing urban growth pressures that can bring negative impacts on its ecosystems and social services (Caledon Environmental Advisory Committee (CEAC) , CVC 2007 , TRCA 2008c . Urbanization around the moraine has caused the loss and fragmentation of habitats, an increase of surface runoff, pollution and sedimentation of wetlands, and groundwater contamination (Matlack 1993 , Dougan and Associates 2002 , Diamond et al. 2002 , CEAC 2006 .
Caledon also faces conflicting interests among various groups including the landowners, farmers, estate developers, aggregate industry, and conservation authorities (Dore 2004 , CEAC 2006 , Johnson 2006 , Chambers and Sandberg 2007 , Mackenzie 2008 , Markvart 2009 To deal with urban growth pressures, an understanding of Caledon as a system is needed for better growth management strategies (CEAC 2006 , Purell 2009 ). In response to this need and the fierce rural-urban divide, the author has conducted a resilience assessment on the Town of Caledon. Resilience, in this assessment, refers to the abilities of linked social-ecological systems to learn, respond, adapt, and renew after disturbances (Holling 1973 , Gunderson et al. 1995 , Folke et al. 2002 , Gunderson and Holling 2002 , Armitage 2005 , Walker and Salt 2006 , Resilience Alliance (RA) 2007 . It also refers to the ability of people to learn, adapt, and maintain a desirable state of socialecological systems (Gunderson et al. 1995 , Folke et al. 2002 , Gunderson and Holling 2002 , Armitage 2005 , Walker and Salt 2006 , RA 2007 . The primary question of this research is: based on resilience thinking, what factors threaten or enhance Caledon's abilities to respond and adapt to changes caused by urban growth as a linked social-ecological system?
METHODS
The Town of Caledon was used as a case study for the author to conduct a resilience assessment based on the guidelines laid out in the Resilience Assessment Workbook for Practitioners (version 1). The Resilience Assessment Workbook is authored by a team of researchers (Resilience Alliance (RA) 2007).The workbook has been revised to version 2 since 2010, but only version 1 was available when the author started the assessment. Whereas other resilience assessment tools focus on relatively specific topics (e.g., rural economies, hillslope communities, and Arctic water resources) (Table 1) , the Resilience Assessment Workbook can be applied generally to linked social-ecological systems for the purpose of understanding a system from a resilience perspective (RA 2007) . Therefore, the author has chosen to use the Resilience Assessment Workbook. This research has relied primarily on academic, gray literature reviews, conference calls, and semistructured interviews. The author conducted interviews with 26 community members ( Table  2 ) from diverse backgrounds to complement the findings from literature review. All interviews, except for two [1] , were transcribed manually. Note taking replaced transcripts for the latter two interviews. Interview results were sent back either electronically or through the mail to interviewees for comments. They were asked specifically to contribute ideas on how to enhance the resilience of Caledon in the face of urban growth pressures.
Furthermore, interview quotes were sent back to interviewees who had requested a review before the quotes were to be used.
Interviewees represented the governmental (11), nongovernmental (13), and private sectors (2). They included: individuals who have lived in Caledon for more than 10 years, municipal staff (local and regional), politicians, environmental group leaders, a social service representative, an aggregate industry representative, and a local property developer. The interviews began with 12 key informants. These informants were selected based on the recommendation of Ms. Debbe Crandall, who has been a Caledon http://www.ecologyandsociety.org/vol19/iss4/art21/ The interviews were semistructured and based on a set of preestablished questions. Respondents were allowed to deviate from the main question and talked about associated issues based on their experiences and expertise (Fontana and Frey 2000) . This allowed greater flexibility in collecting a broader scope of indepth data (Fontana and Frey 2000) .
CALEDON AS A LINKED SOCIAL-ECOLOGICAL SYSTEM (RESILIENCE OF WHAT)
Exploring the question "resilience of what?" involves identifying Caledon as a linked social-ecological system shaped by the people, biophysical environment, and history in the context of urban growth.
History of Caledon as a social-ecological system
Linked social-ecological systems contain "contextual factors in which local processes are shaped by larger-scale and ultimately global-scale processes" (Liu et al. 2007 (Liu et al. :1514 . Ecosystems and social systems interact reciprocally across time and space (Liu et al. 2007 ). Studying resilience requires understanding how historical development shaped the current system (RA 2007). Historical timelines present major historical development of the Oak Ridges Moraine area (Fig. 5) and Caledon (Fig. 6 ). Nearly one-quarter (24%) of Caledon is in the Oak Ridges Moraine area, and Caledon's history has been highly influenced by the development of the Moraine (Algonquin Associates 1993 , MNR 1994 , Historica et al. 1994 , Ross 1999 .
From the presettlement period to the early pioneers, the Moraine and Caledon were inhabited by indigenous populations (Historica et al. 1994) . Pioneers started trading with the indigenous peoples in the 1600s, and they were attracted by water and land resources in Caledon (Historica et al. 1994 , Ross 1999 ).
In the 1800s, European settlers engaged in extensive land clearing for subsistence and commercial agriculture in Caledon and the Moraine (Historica et al. 1994 , Ross 1999 . Sawmills and gristmills also flourished with the use of railways in Caledon (Ross 1999) . Between 1890 and 1950, overproduction of wheat, soil erosion, deforestation, and the decline in water levels contributed to the agricultural decline and closures of mills in Caledon (Ross 1999:23) . Conservation efforts began as early as the 1870s on the Moraine (Fisher and Alexander 1993) . In Caledon, reforestation failed to restore the soil to its previous state (Ross 1999) .
Between the 1880s and 1900s, intensive aggregate extraction took place in Caledon (Ross 1999, Chambers and Sandberg 2007) . Caledon aggregate supplied materials for Toronto's Old City Hall, Ontario's Legislature buildings, and some of the University of Toronto's buildings (Ross 1999) . Aggregate extraction continues today and has met public resistance (Johnson 2006 , Markvart 2009 ).
During the First World War, tractors and electricity were introduced by the government into Caledon's agriculture (Ross 1999) . In this period of time, 90% of the forest cover was cleared and almost 60% of the wetlands were drained in the Region of Peel for agriculture (Ross 1999:23) . In the 1950s, in response to severe flooding and soil erosion, a number of conservation authorities were established to implement conservation of watersheds in Caledon and other areas (Ross 1999 , CVC 2005 . After the Second World War, rapid urbanization took place in Toronto (Ross 1999) . In the 1970s, demands for Caledon to provide suburban residency and recreational sites increased (Ross 1999) . 
Stakeholders and main issues
In the context of urban growth, there has been a fierce ruralurban divide in Caledon in the past decade. The divide involves complex issues concerning farming, conservation, urban intensification, and aggregate extraction. Major stakeholders include the Region of Peel, the municipality, farmers, conservation authorities, estate developers, the aggregate industry, local politicians, and citizen groups (Town of Caledon 2007). The Town Council of Caledon comprises five wards, each represented by a local councillor and a councillor from the Region of Peel, with the exception of Wards three and four, which share one local and one regional councillor. Politicians who represent the urban areas favor the expansion of the urban boundary, whereas those who represent the rural communities favor preservation of rural lands. There are farmers and landowners who favor development (Hilts and Watkins 2008) , but the town and the conservation authorities (i.e., Toronto and Region Conservation Authority and Credit Valley Conservation Authority) intend to maintain more rural areas.
There has been intense disagreement between the estate developers and the Chamber of Commerce (local business representatives), who have actively lobbied to expand the urban boundary with higher urban density, and the Town, which has placed a ban on urban expansion of its urban center, Bolton (Gombu 2008). Millions of dollars invested by a company called Marotta could be lost because of the development freeze (Gombu 2008) . The developer has also challenged Caledon's Official Plan at the OMB, which is an independent tribunal that settles disputes over land use and zoning in Ontario (OMB 2011).
The aggregate industry favors open access for extractions, whereas citizen groups and the town prefer stricter restrictions (Johnson 2006 , Markvart 2009 ). Hearings over the disputes surrounding the establishment of new aggregate operations were held at the OMB. There is a strong tradition of preserving small communities and rural characteristics (Ross 1999 Another important group is CEAC, which is made up of citizens and councillors. It advises the town on development and environmental issues (CEAC 2004) . Another group called the Caledon Countryside Alliance has lobbied the Town to maintain its rural nature (Markvart 2009). Two other civil groups resisted the proposal of a landfill in Caledon, which finally led to its withdrawal (Baxter et al. 1999) .
A CROSS-SCALAR STUDY OF CALEDON-IDENTIFICATION OF POTENTIAL RESILIENCE THREATS AND ASSETS (RESILIENCE TO WHAT AND WITH WHAT)
"A full resilience assessment must consider the cross-scale interactions of system components across boundaries" (RA 2007:12). The author has used the cross-scalar study to identify potential resilience assets ("resilience with what?") and threats ("resilience to what?") in the social, ecological, and economic domains. Resilience assets can potentially enhance the resilience of Caledon as a social-ecological system to learn, adapt, and renew after disturbances and maintain its desirable qualities in the context of urban growth. Potential threats to resilience can cause the opposite.
The study of the social domain (Table 3 ) focuses on legislation, policy directions, and their implications on land use and growth management in Caledon. By looking at legislation and associated policies, we can identify the links among governmental bodies across scales, as well as the role of nongovernmental groups.
The study of the ecological domain (Table 4) focuses on the Oak Ridges Moraine landforms and watersheds (Town of Caledon 2008a). The moraine was formed by a series of glacial advances and retreats (Fisher and Alexander 1993, Igor 2002) . It contains headwaters draining southward to Lake Ontario and northward to Lake Simcoe, providing key ecological links across southcentral Ontario (Foster 2005) .
The study of the economic domain (Table 5 ) focuses on economic activities driven by the provincial growth management policy. The following discussion will focus on the focal scale, the Town of Caledon. A summary is presented in Table 6 .
Potential resilience assets and threats identified in the social domain in Caledon
A resilience asset identified in the social domain is in Caledon's Official Plan (OP). The OP is a document that states the strategic policy direction of land use, conservation, population growth, economic development, and agriculture. Although the Region of Peel has designated an intensification target to Caledon (Region of Peel 2010a), Caledon has maintained some decision-making power by requiring developers to submit environmental impact studies (EIS) and management studies (MS) (Town of Caledon 2008b). Specific conditions are placed on EIS and MS for the town to determine if development proposals benefit its ecosystems and communities. How effective these conditions are in maintaining the health of ecosystems of Caledon will require further studies. The requirements of MS and EIS can increase the town's capacity to negotiate with developers in reducing negative impacts of urban development on the biophysical environment. Keeping options open and the decision-making process flexible is important for nurturing resilience (Holling 2001 , Folke et al. 2002 , Walker and Salt 2006 .
Another identified resilience asset is active civil groups, which nurture continual learning and self-organization 
Ecological-local ecosystems
Natural habitats facilitate the movement of biota, which enables species to renew and recolonize after disturbances.
Forests help reduce negative impacts of floods and heat island effects. Watersheds increase Caledon's ability to absorb negative impacts of water pollution and floods.
Urbanization poses threats to the health of the watersheds and, possibly, public health.
Aggregate operations cause stress to the environment and communities.
Loss of farmland reduces agroecosystems as well as some remnant natural habitats.
Economic-local economic policies/activities
Caledon trinodal strategy is conducive to the preservation of ecosystems. It also helps reduce Caledon's vulnerabilities to urban sprawl.
Caledon's agricultural policy can help preserve local ecosystems.
A lack of local jobs and public transit is very likely to lead to an increase in employment-driven commuting as the population increases, causing air, soil, and water pollution.
Caledon has maintained some of its decision-making power through an innovative aggregate prioritization policy ( Flexible decision making is a key resilience feature (Holling 2001 , Folke et al. 2002 , Walker and Salt 2006 ).
An identified resilience threat in the social domain is a lack of indicators that can audit progress toward sustainability (Purell 2009 Another identified resilience asset in the ecological domain is Caledon's watersheds. The Credit River and Humber River watersheds provide Caledon with clean drinking water and diverse habitats that support air quality, tourism, and recreation (CVC 2007 , TRCA 2008b . The CVC and TRCA reported that forests and wetlands cover in the watersheds assimilate runoff, improve water quality, and reduce the likelihood of flooding (CVC 2007 , TRCA 2008c . Caledon has the highest flood threshold compared with surrounding cities (Lei 2009). Thus, watersheds contribute to the resilience of Caledon because they can enhance the system's ability to absorb negative impacts of flooding, air pollution, and water pollution.
An identified resilience threat in the ecological domain is urbanization. The CVC and TRCA recognize that urbanization poses a great threat to the health of the watersheds and, possibly, public health (CVC 2007 , TRCA 2008b . Urban growth can cause the loss of habitats, an increase of surface runoff, pollution of wetlands and groundwater (Matlack 1993 , Dougan and Associates 2002 , Diamond et al. 2002 , CEAC 2006 . http://www.ecologyandsociety.org/vol19/iss4/art21/ Another identified resilience threat is the loss of farmland, leading to a reduction in agroecosystems and remnant natural habitats in Caledon. Agroecosystems are agricultural productions understood in relation to ecosystems' structures (e.g., trophic levels) and dynamics (e.g., nutrient cycles), and the productions' inputs (e.g., fertilizers) and outputs (e.g., runoff) in ecosystems (Gliessman 1998) . Agriculture and farmers are important players in the preservation of natural resources, such as water, air, soil, and biodiversity (Sparling et al. 2008 ). Caledon's unprotected agricultural land, known as the "White Belt," constitutes 70% of Caledon's prime farmland (Mackenzie 2008:79) . The prime farmland contains fertile soil and has been the most productive agricultural farmland in the Toronto region (Mackenzie 2008) . This prime agricultural land in the White Belt will attract urban development, and farmers are very likely to sell their lands to developers for big financial gains (Hilts et al. 2008) .
It is noteworthy that agriculture has brought negative impacts to the biophysical environment. These impacts include soil erosion, as well as water and soil pollution caused by livestock manure and the use of chemicals in the Region of Peel (Region of Peel 1998). Some of these negative impacts have been reduced by conservation tillage, no-till cropping, and crop rotation (Region of Peel 1998). The Region of Peel, in partnership with conservation authorities, has tried to reduce water contamination and enhance the health of agroecosystems by funding voluntary projects such as alternative pest management, manure management, runoff control, and soil fertility management (Peel Agricultural Advisory Working Group (PAAWG) 2011, 2012). Some farmers and landowners in Caledon have participated in the program (CVC 2011 (CVC , 2012 . There is a steady increase in the projects (PAAWG 2011 (PAAWG , 2012 
Potential resilience assets and threats identified in the economic domain
Caledon's intensification strategy, also known as the trinodal strategy, is identified as a resilience asset in the economic domain in the context of urban growth. The trinodal strategy allocates residential and business growth in three Rural Services Centers (Town of Caledon 2008c , 2009a , 2009b . Ecological goods and services include water filtration, flood attenuation, biodiversity, and carbon sequestration. These policies can enhance functional and response diversity in local ecosystems, which is critical to the resilience of a social-ecological system (Folke et al. 2002, Walker and Salt 2006) . It should be noted that the ALUS has not yet materialized in actual executions of programs in Caledon.
An identified resilience threat in the economic domain is the increase of employment-driven commuting as the population increases. In Caledon, 50.4% of the population commutes outside the community to work on a regular basis because of a lack of local employment and public transit (Greenwood et al. 2010:5) .
There have been significant job losses during recessions between 2007 and 2009 in three main local sectors: manufacturing, retail, warehousing and transportation (Greenwood et al. 2010) . It is very likely that people will have to drive to work outside of Caledon as population increases.
Increased motor vehicle emissions can cause water, air, and soil pollution, and its toxic pollutants can damage aquatic and terrestrial ecosystems, particularly sensitive species (TRCA 2008a) . The cumulative effects of urban growth, such as vehicle emissions, an increase of surface runoff and water contamination can reduce the resilience of Caledon's ecosystems to adapt and remain in a desirable state.
INTERVIEW RESULTS-CALEDON RESILIENCE THREATS AND ASSETS (RESILIENCE TO WHAT AND WITH WHAT)
The cross-scalar study of Caledon relies mainly on literature review. This raises two questions. How do people in Caledon view their abilities to respond to changes caused by urban growth? Is the concept of resilience relevant to their concerns? This research attempts to answer these questions through interviews with community members (Table 2 ). The interviews were attempts to gain qualitative insights from various stakeholders. They were not surveys that generated statistical significance. Interviewees were asked to describe Caledon's general features, including natural heritage, history, local economy, political climate, and people's livelihoods. Interviewees also discussed personal and other people's views on urban growth issues. They highlighted different aspects of urban growth issues because of different occupations and backgrounds.
Ecology and Society 19(4): 21 http://www.ecologyandsociety.org/vol19/iss4/art21/ Interviewees were also asked to describe assets for and threats to a desirable Caledon. The information shed light on what a desirable social-ecological system looks like if resilience is to be nurtured in Caledon. According to interviewees, desirable qualities included natural landscape and heritage (10), engaged citizens (6), rural character with urban benefits (5), family roots (3), small town character (2), and a caring municipality (1) . Some sample interview quotes about desirable qualities of Caledon are presented in Appendix 2. The author analyzed the assets and threats mentioned by interviewees from a resilience perspective. The results were then analyzed with the cross-scalar study.
Resilience assets identified by interviewees in Caledon in the context of urban growth
The resilience assets identified are: strong local civic engagement and volunteerism (15), participatory planning and solid citizenmunicipality relationship (8), low-impact urban development as an opportunity (8), diversified agriculture (5), provincial conservation policies (5), and municipal environmental leadership (5). Appendix 3 presents a list of interview quotes.
Fifteen interviewees commented that active civil society groups and volunteers were an asset as they brought knowledge and resources together to address social-ecological issues. An environmental group (EG) leader, EG1, observed that, "The strengths are again all those organizations that bring all the people together and help them to have a stronger voice about what's going on." Another, EG2, stated that, "Over the last 20 years, a group of people are there to protect and volunteer to preserve its ecological and environmental assets." A social service (SS) representative said that, "There is a lot of advocacy...people passionate about the community. So I think the community itself is a main strength." Municipal staff (MS) interviewee MS5 said that, "If you do something wrong, they [citizens] are certainly there to correct us. I guess the best example of it, we do have a committee, the Caledon Environment Advisory Committee...they will provide comments, support us, or correct us." Eight interviewees mentioned that participatory planning and a solid relationship between citizens and the municipality were an asset. MS3 commented that "They [residents] get very involved in growth planning, and pushing Council to control growth." EG4 pointed out that, "The whole trinodal process, the whole master planning process, that all came out of Caledon Environmental Advisory Committee." EG2 said that, "I think that one of the strengths is the fact the relationship between the municipal government, whether it's politicians or staff, and citizenry. It's a pretty solid relationship." Eight interviewees pointed out that low-impact urban development will be an asset for a desirable Caledon. Low-impact urban development includes features such as green roof, permeable surfaces, and better planning that allow residents to live and work within walking distances. MS3 stated that, "I think one of the great opportunities is that we are starting from scratch. We have the opportunity to do things right, not to have repeat mistakes...I think we have the opportunity to create a community that is based on good foundation of sustainability in growth management practices." MS5 said that, "To make Caledon resilient and sustainable is to protect our natural landscapes through sustainable rural/agricultural uses and balanced urban growth centers based on low impact design principles." Politician (PL) 5 stated that, "If you can have people to work and live within a 10 and 15-minute range from home is a very strong, strong thing in our society today where people enjoy where they live and work. So I think again planning, planning has to do with a big part of that." PL3 believed that "Low-impact development is the way we have to start thinking... we can bring the population in. Let's think about how it fits into the nature around it..." Other benefits of urban development, according to interviewees, include the creation of compact communities and expansion of tax base for the municipality.
Five interviewees said that diversifying agriculture was an important asset for a desirable Caledon. Diversification of agriculture is about supporting value-added activities on farms such as cheese making and ecotourism. PL4 said that, "And they [Downy farm] also sell fresh turkeys, as you can see there, fresh turkeys, ducks in the winter time... There is a building in the back where they [Downy Farm] make their own wine, fruit wine, which they sell." MS1 highlighted the importance of "allowing more value-added on the farm... [rural] recreation can be supported with additional facilities." EG2 commented that, "They [several Caledon residents] have really big, big plans to really make this a multipurpose venture where they grow vegetables, they will have a CSA [Community Support Agriculture] ." And this agricultural project, according to EG2, is to allow youth to learn about the connections between environmental issues and local food security.
Five interviewees referred to provincial conservation policies as an asset because the policies could protect the environment in Caledon against urban sprawl. EG4 said that, "And they [the municipality of Caledon] got the Niagara Escarpment Plan, the Oak Ridges Moraine Plan, and we got the Greenbelt Plan. So there is a large swap of Caledon that is pretty well protected." PL5 stated that, "I think really it's the policies of the government and the Official Plans uphold their policies, then I think that the ability of maintaining farming lifestyle can live in Caledon." Five interviewees pointed out that municipal environmental leadership was an asset because the government had invested time and resources in the trinodal strategy. MS3 mentioned that, "Council sees fit to maintain a fairly large planning department here for the size of the municipality. And so, they put a lot of resource into growth management."
Resilience threats identified by interviewees in Caledon in the context of urban growth
The resilience threats identified in interviews are: urbanization and population growth (16), disconnect between provincial legislation and people's livelihoods and stewardships (7), decline in agriculture (5), aggregate extractions (5), and fiscal challenges (3). Appendix 4 presents a list of interview quotes.
Sixteen interviewees expressed concerns about urbanization causing the loss of natural heritage, rural character, and agriculture in Caledon. MS2 mentioned that, "the provincial government will certainly be bringing a lot more industrial development through the southern...and bring with it huge transportation system along with that." MS3 pointed out that, "The Greenfield density target is kind of, the problem with it is top-down planning...It can force the residential density way, way up to 60, 70, or even 100 persons per hectare." PL4 observed that, "We continue to urbanize all the good agricultural land, we http://www.ecologyandsociety.org/vol19/iss4/art21/ continue to green up the nonagricultural land as a compensator for urbanization...We continue, as society, to rely on more marginal lands' ability to produce more food. And in doing that, we are relying on more and more fertilizers, fairly dangerous methodology."
Seven interviewees commented that some provincial legislation can be a threat because the legislation lacked flexibility to allow for environmental innovations and agricultural diversification. EG2 could not build an education center because of zoning and conservation restrictions. EG2 said that, "I mean so much of the Moraine in Caledon is in the natural linkage. Really, you can't do anything there. There's no institutional use... I have always wanted to convert our family farm into a centre for learning." PL 2 mentioned that, "And it appears to me to be a group of bureaucrats sitting down at Queen's Park who have never been out in the countryside in their lives. And they don't really know what's going on. And therefore, they are making it much more difficult for these people [farmers] to make a living. They are selling [farmland] ." PL3 said that, "And they [provincial officials] come up with regulations. The big thing is that they think because they are looking at textbook, they can think better. Why don't they ask people for their input?"
Five interviewees pointed out that agricultural decline was a threat because of the loss of farmland and employment. PL2 mentioned that, "Agriculture is suffering. It used to be our main industry in Caledon." PL4 said that, "So it's not only agriculture getting threatened, it's all the support industries, employment towards agriculture." Individual (IN) 1 stated that, "In Caledon, we have the top-grade farmland, but we have the only farmland left. It is getting huge development pressure from the east and from the south."
Five interviewees mentioned that aggregate extractions threaten their watersheds and rural heritage. EG5 said that, "And of course they [aggregate operations] are a threat to our water supply. And all the other things that came with that, the dust, many issues." PL4 explained that, "So the urbanization demands of Ontario makes the aggregate very attractive. So the laws of Ontario favor the gravel companies. The municipalities and the people who live within the area, and their municipal governments are always pitted against the gravel."
Three interviewees pointed out that Caledon faced fiscal challenges in long-term development because the town needed money to build servicing systems as the population increased. PL2 said that, "So when you get a developer who said I want to go right now, I am putting another 27,000 people in. Oh no, you are not. Because the 60,000 people over the next 10 years cannot afford to pay 86 million." DISCUSSION Based on the interview results and the cross-scalar study, the author has identified six emerging themes of resilience and recommendations accordingly. The themes and recommendations may provide insights for other municipalities that are affected in similar ways by urban growth issues in the Greater Horseshoe Area and elsewhere. Theme 1: continual learning and adaptive decision making is a key resilience feature Adaptive decision making allows for experimentation and adjustment of policies, which enhance resilience. This is illustrated in Caledon's prioritization aggregate and development approval policies (Table 6 ). Civil groups have played a significant role in promoting learning and adjustment between policies and socialecological conditions (Baxter et al. 1999 , Lee-Macaraig and Sandberg 2007 , Purell 2009 , Town of Caledon 2009d (Table  6 ). Fifteen interviewees commented that active civic engagement promoted continual learning among citizens and municipal staff (see interview results). This is illustrated in the Rockfort Quarry case, trinodal strategy, and other advocacy initiatives (Baxter et al. 1999 , Johnson 2006 , Lee-Macaraig and Sandberg 2007 , Markvart 2009 ).
Henceforth, the author recommended that the Town of Caledon launch continual learning projects in the implementation of the OP, such as the trinodal strategy and agricultural policies, through an accessible communication platform (e.g., online interactive tool for public participation). Another important area is for the town to develop indicators or criteria to measure the effectiveness of its growth management policy in achieving intensification while maintaining its social and ecological capacities to adapt to changes caused by urban growth and to remain in a desirable state.
Theme 2: nurturing healthy agroecosystems is a key resilience feature The loss of farmland is identified as a potential threat to resilience because of the subsequent loss of agroecosystems, remnant natural habitats, and employment opportunities (Table 6 ). The prime agricultural land in Caledon is highly susceptible to urban development (CEAC 1996 , Hilts et al. 2008 . Interview results also highlighted the importance of agriculture for local employment and ecosystems. The Region of Peel and conservation authorities have funded and launched sustainable agricultural projects in Caledon and other municipalities in order to build an ecologically sustainable and economically viable agriculture (PAWGG 2011 , 2012 , CVC 2011 , 2012 . The Town of Caledon also expressed an interest in ALUS, which financially rewards farmers for ecological goods and services, such as water filtration and biodiversity. A diverse local agriculture is also important to the resilience of Caledon because it supports an "eat local" rural economy that can withstand external market fluctuations (Greenwood et al. 2010) .
Therefore, the author recommended that the Town of Caledon take a more active role in partnering with the Region of Peel and conservation authorities to give financial and technical support to farmers in adopting more ecologically sound agricultural practices, such as native species plantation and alternative pest management. The town can also give marketing support to farmers to strengthen a "eat local" economy. Furthermore, Caledon can implement ALUS pilot projects with local farmers. In the 10-yr review of Greenbelt Act (2005), the Town of Caledon can work with the Province and the Region to increase the flexibility of legislation to allow for agricultural operations, such as ALUS, that can enhance the health of agroecosystems. http://www.ecologyandsociety.org/vol19/iss4/art21/ Theme 3: a threat can be an opportunity The cross-scalar study and 16 interviewees have pointed out negative impacts of urban growth (Table 6 ). However, eight interviewees saw opportunities in low-impact urban development to implement sustainability and create compact communities. Therefore, the author recommended that Caledon use low-impact technologies (e.g., permeable pavement, green roof) to achieve intensification while reducing its negative impacts, particularly in the trinodal areas.
Theme 4: a resilience asset can be seen as a threat In the context of growth management, a resilience asset can be seen as a threat to resilience. For example, civil groups help promote continual learning and address some negative impacts of urban growth (Baxter et al. 1999 , Johnson 2006 , Lee-Macaraig and Sandberg 2007 , Markvart 2009 (Table 6 ). However, their NIMBY strategy can also reduce resilience of other municipalities by pushing the problems elsewhere (Johnson 2006 , Chamber and Sandberg 2007 , Lee-Macaraig and Sandberg 2007 (Table 6 ). Furthermore, five interviewees indicated that conservation policies were an asset for Caledon, whereas seven interviewees saw them as an impediment to environmental innovations and agricultural diversification (see interview results).
The implication of this finding is that Caledon needs to innovate ways to work with resilience assets that can be regarded as threats. The author recommended that Caledon develop trade-off rules to resolve conflicts and address situations where Caledon has to balance the need for urban intensification with natural conservation or the need for aggregate extractions with watershed protection. Some trade-off rules are presented in Appendix 5.
Theme 5: resilience of a focal system is influenced by other scales
The cross-scalar study shows that Caledon has been heavily influenced by provincial and regional policies. A number of interviewees referred to provincial policies as a major influence on municipal planning. The author recommended cross-scalar collaborations between Caledon, the Region of Peel, and the Province of Ontario. Caledon shall bring local knowledge and concerns, particularly of those whose livelihoods depend on the land, to the region and province to implement conservation, agriculture, and urban growth policies.
Theme 6: a clash of values
Urban growth involves multiple parties and levels of government. The research results show that urban growth issues in Caledon are not only legislative issues. It is not a simple case of "bad urban growth" versus "good rural communities." The rural-urban divide represents a clash of values and expectations of a desirable community. A number of interviewees named this clash in different ways.
An environmental group leader, EG5, said that, "...and that's a real, real problem for Caledon. We are stuck in the middle of really strong, conflicting interests and strong lobby groups." EG2 raised that, "I don't think people know why they think growth is bad. I really don't. Is it a fear of their value system being invalidated by another value system?" PL5 observed that, "They have a typical right-wing conservative, entrepreneurial farmer, is going to have an ideology, he basically says get off my back...Then you get the people who are sort of on the left side who are very strongly proenvironment people." MS6 said that, "You know there are many people who resist growth in Caledon, just want Caledon to stay as small, rural municipality. And that's why they chose to live there. You know, there are people on the other side of that, who have the interest of seeing Caledon to grow for various reasons." IN6, who has lived in Caledon for more than 60 years, said, "... it's a just a question of takeover by the developers to make another Brampton with so many houses along the street. Should we do that? Or shouldn't we?" Therefore, the author recommended that Caledon develop an integrated resilience plan for a desirable Caledon. This plan may contain the aforementioned recommendations. The plan should strive to tighten feedback loops between policies and socialecological changes caused by urban growth and resolve conflicts by involving stakeholders in defining a vision, implementing plans and assessing the results in an open and accessible manner.
CONCLUSION
This research provides a case study of resilience assessment that attempts to understand urban growth issues of a town as a socialecological system. The research provides insights for places in North America and elsewhere that are experiencing similar ruralurban divide from a resilience perspective. This research also provides insights into future review of important legislation concerning population growth and conservation, such as the Greenbelt Act (2005) and the Places to Grow Act (2005) . The assessment also sheds light on concrete methods used to conduct a resilience assessment of complex issues. A research limitation was that the author has not analyzed in depth how resilience assets can address particular threats. Also, the author was not able to arrange interviews with the conservation authorities who are important stakeholders.
Future resilience assessments can explore how resilience assets in the ecological, social, and economic domains may mutually enhance each other and address threats to resilience. Future resilience assessments may also look further into desirable qualities of social-ecological systems such as sufficient livelihoods, access to social support and services, diverse employment, engaged citizenship, a culture of continual learning, and responsible stewardship of natural resources ( Furthermore, an increase in the resilience on one scale does not necessarily promote resilience on another. This is illustrated in Caledon in the NIMBY strategy employed by its citizen groups. How to increase the resilience of a focal system without losing the resilience of the bigger social-ecological system continues to challenge resilience thinking practitioners. Being able to detect when smaller scales will bring proper sources of novelty to bigger scales or when bigger scales are imposing too many constraints on the system will be an important part of resilience research. Lastly, it will be beneficial for future resilience researchers to develop guidelines on the development and implementation of resilience plans to investigate what kind of resilience is desirable, for whom, and toward what purposes resilience is to be nurtured.
